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MAGNETO-RADAR DETECTOR AND 
METHOD 

The United States Government has rights in this inven 
tion pursuant to Contract No. W-7405-ENG-48 betWeen the 
United States Department of Energy and the University of 
California for the operation of LaWrence Livermore 
National Laboratory. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to radar systems and 
methods, and more particularly to a method employing radar 
to locate a magnetically excited object. 

2. Description of Related Art 

Electronic detection of metal objects, particularly hidden 
metal objects, traditionally involves a “metal detector” that 
includes an electromagnetic loop coupled to an oscillator 
and detector. When the loop is placed near a metal object, its 
inductance changes and produces a change in the oscillator’s 
frequency, Which is detected. Modern versions of this tech 
nique employ pulse methods. In either case, detection range 
is sharply limited by a third poWer decrease in magnetic ?eld 
strength versus range to the target. Since the magnetic ?eld 
must travel out to the object and then couple back to the 
loop, a sixth order decrease in signal strength versus range 
results, forming a formidable limitation to long range opera 
tion. 

Historically, radar has been used to sense mechanically 
excited motion or vibration in objects, such as rotating 
aircraft turbine blades. US. Pat. No. 6,492,933, entitled 
“SSB Pulse Doppler Sensor And Active Re?ector System,” 
to McEWan, patented Dec. 10, 2002, describes a radar sensor 
that senses mechanically induced vibrations, Wherein the 
mechanical vibrations may be the result of mechanical, 
acoustic, magnetic, optical, or electromagnetic excitation. 

Background information on a radar motion sensor utiliZ 

ing ultra-Wideband radar is contained in US. Pat. No. 
5,361,070, entitled “Ultra-Wideband Radar Motion sensor,” 
to McEWan, patented Nov. 1, 1994, including the folloWing: 
“[u]ltra-Wideband (UWB) radar motion sensing is a com 
pletely neW approach to motion sensor technology. UWB 
radar operates as a pulse-echo system that docks the tWo 
Way time of ?ight of a very short electrical pulse. A carrier 
frequency is not used; instead, an electrical voltage pulse is 
applied directly to the antenna.” 

Background information on a radar means for monitoring 

and imaging the movement of intra-body organs, tissues, 
and other structures and foreign objects embedded in a 
human or animal body is contained in US. Pat. No. 5,573, 
012, entitled “Body Monitoring And Imaging Apparatus 
And Method,” to McEWan, patented Nov. 12, 1996, includ 
ing the folloWing: “the invention is based on the pulse-echo 
radar principle of docking the tWo-Way time of ?ight of an 
electromagnetic pulse. As used herein, the term radar 
impulse refers to a short radiated pulse, Which replaces the 
long sinusoidal burst used in conventional radar technology. 
There is no speci?c frequency associated With impulse 
radar; rather, its frequency spectrum is related by the Fourier 
transform of the pulse.” 
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2 
None of the prior art radar systems disclose a radar system 

tuned for optimal sensitivity of magnetically excited metal 
objects. Accordingly, a need exists for an accurate and 
sensitive method and system for radar detection of magneti 
cally excited materials that includes ferrous and nonferrous 
materials. This neW method and system is relatively 
inexpensive, easy to use by non-professional operators and 
is capable of being implemented in a variety of commercial 
and non-commercial applications. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method of detecting 
a mechanically excited object at a harmonic frequency of a 
varying magnetic ?eld utiliZing radar motion sensors. 

Another aspect of the present invention is directed to an 
apparatus for detecting a mechanically excited object at a 
harmonic frequency of a varying magnetic ?eld utiliZing 
radar motion sensors. 

The present invention provides a system and method 
capable of detecting objects, such as, ferrous and/or non 
ferrous materials capable of having an induced eddy current. 
For example, the present invention can potentially be used 
to screen patients prior to Magnetic Resonance Imaging 
(MRI), e.g., detect needles that may have been misplaced 
during surgical procedures. The system can potentially track 
the location of a catheter inserted Within a patient undergo 
ing medical endoscopy, urethrascopy an/or cystoscopy. It 
may be capable of detecting the perturbation of bio 
materials, such as saline along the optic nerve. It may also 
be implemented as a sensitive metal detector for use in 

treasure hunting and/or to detect dangerous objects such as 
mines in a battle?eld or conductive explosive materials. 

Accordingly, the present system and method provides a 
desired portable, cost effective, non-invasive arrangement, 
capable of detecting objects in a variety of commercial and 
non-commercial applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated into 
and form a part of the disclosure, illustrate an embodiment 
of the invention and, together With the description, serve to 
explain the principles of the invention. 

FIG. 1 is a general block diagram of a hidden object 
detection system. 

FIG. 2A shoWs an example Waveform Without a metal 

object. 
FIG. 2B shoWs an example Waveform With a metal object. 

FIG. 3 shoWs a block diagram of an MIR motion sensor. 

FIG. 4 shoWs a basic block diagram of an entire Magneto 
Radar detection system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to the draWings, speci?c embodiments of 
the invention are shoWn. The detailed description of the 
speci?c embodiments, together With the general description 
of the invention, serves to explain the principles of the 
invention. 

Unless otherWise indicated, all numbers expressing quan 
tities of ingredients, constituents, reaction conditions and so 
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forth used in the speci?cation and claims are to be under 
stood as being modi?ed in all instances by the term “about”. 
Accordingly, unless indicated to the contrary, the numerical 
parameters set forth in the speci?cation and attached claims 
are approximations that may vary depending upon the 
desired properties sought to be obtained by the subject 
matter presented herein. At the very least, and not as an 
attempt to limit the application of the doctrine of equivalents 
to the scope of the claims, each numerical parameter should 
at least be construed in light of the number of reported 
signi?cant digits and by applying ordinary rounding tech 
niques. NotWithstanding that the numerical ranges and 
parameters setting forth the broad scope of the subject 
matter presented herein are approximations, the numerical 
values set forth in the speci?c examples are reported as 
precisely as possible. Any numerical value; hoWever, inher 
ently contain certain errors necessarily resulting from the 
standard deviation found in their respective testing measure 
ments. 

General Description 
The present invention is based on magnetically induced 

mechanical excitation of hidden objects, such as, but not 
limited to, conductive bio-materials, conductive ceramics, 
conductive explosives, and/or ferrous and nonferrous mate 
rials by transmitting a (e.g., sinusoidal) magnetic ?eld and 
then sensing such excitation (eg a resultant mechanical 
vibration) by radar. Ferrous materials, in particular, are 
readily detected and nonferrous materials are detected due to 
the eddy currents induced by the magnetic ?eld applied to 
any conductive material. The radar sensor can be a conven 

tional CW Doppler radar, a pulsed Doppler radar, or a UWB 
radar, such as an impulse radar. Any radar capable of 
detecting small mechanical vibrations may be employed, 
With pulsed CW, impulse radars and modulated CW radars 
having the advantage of providing range information. An 
impulse radar is a bene?cial embodiment since impulse 
radar exhibits sensing Within a sharply bounded range, i.e., 
it is range gated. Range gated radars reject clutter outside the 
gated region and are generally preferred over non-gated 
radar such as CW Doppler. In addition, range gated radars 
provide valuable range-to-object information. It is under 
stood that any type of radar capable of detecting motion or 
vibration induced by magnetic excitation can be used in 
combination With harmonic processing to detect an object. 

Impulse radar radiates a “video”, or a baseband pulse (i.e., 
frequencies equal to the modulation, or intelligence carrying 
frequencies) rather than the usual sinusoidal burst found in 
conventional radar. The pulses are just a sequence of 
impulses; there is no carrier. There is no speci?c frequency 
associated With this radar; rather, its frequency spectrum is 
related by the Fourier transform of the pulse. The free-space 
radiated radar pulse typically resembles a Gaussian-shaped 
impulse having a pulse-Width of about 5 ns or less, often 
about 1 ns or less, and more often about 200 picoseconds 
Wide. It is bene?cial that impulse radar has a spectrum 
located as close to DC as possible, Where materials attenu 

ation is the loWest. 
By transmitting interrogating pulses as UWB radar pulses 

and then opening an electronic gate operationally connected 
to a receive antenna, sample motion of the mechanically 
vibrating material is capable of being detected. Speci?cally, 
When the magnetic excitation varies sinusoidally at a fre 
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4 
quency F, the resulting vibration of an object responding to 
such an excitation occurs at a harmonic frequency, such as, 

but not limited to, 2F, to provide a unique motion signature 
that is detected by the present invention using UWB or other 
radar techniques. 
The second harmonic is generally the dominant frequency 

of interest, but other detectable harmonics can arise from 
system nonlinearities. In the case of a harmonic rich exci 

tation source, i.e., a non-sinusoidal source, harmonics Will 
naturally appear at the output of the apparatus, With a strong 
emphasis on the even harmonics due to the unsigned mag 
nitude response of the object’s vibration to the bipolar 
magnetic excitation. Harmonic analysis of the output from 
the radar sensor may be employed to provide information 
about the object, particularly its siZe. 
The excitation source may operate at several simultaneous 

frequencies at once, e.g., from betWeen about 10 and about 
60 HZ, With detectable harmonics at about 20 and about 120 
HZ. Intermodulation distortion due to system nonlinearities 
Will generate neW frequencies, including, for example, about 
100 and about 140 HZ. These neW frequencies may be 
?ltered for various purposes such as classifying materials or 
screening out false detection positives from certain materials 
or electric/magnetic interference. 
The excitation frequency may be sWept With the system 

processor responsive to detected harmonic magnitude. Peaks 
in harmonic magnitude can be used to determine resonances 

in the object, Wherein the resonant frequencies and quality 
(Q) factors can provide information about the siZe, shape 
and composition of an object or the material the object is 
embedded in. Alternatively, pulsed magnetic excitation may 
be used With suitable post detection processing. For either 
sWept frequency or pulsed magnetic excitation, suitable 
processing Well-known in the art can be applied to provide 
an analysis of the characteristics of the magnetically excited, 
vibrating object. 

The magnetic excitation source is generally an electro 
magnet but may also be a moving magnet. 

Since the detected radar output is the result of the inter 
action of mechanical vibrations and electromagnetic Waves, 
Which are generally sinusoidal, i.e., not linear, nonlinear 
distortion can occur in the shape of the detected radar output 
signal. Distortion and detection nulls can be mitigated using 
quadrature radar, such as discussed, for example, in the 
aforementioned US. Pat. No. 6,492,933. 

Various radar modes may be employed to detect the 
magnetically induced vibrations: CW-Doppler, pulsed CW, 
UWB pulse-echo, FMCW, etc. While each mode may offer 
a particular set of advantages, most applications Will bene?t 
from a range gated radar, Which provides range-to-object 
information While screening out clutter from objects outside 
its range gated region. Pulse echo radars provide range 
gating in a simple implementation. 
A bene?cial sensor is based on the pulse-echo radar 

principle of docking the tWo-Way time of ?ight of an 
electromagnetic pulse and is described in US. Pat. No. 
5,361,070, issued Nov. 1, 1994 titled “Ultra-Wideband 
Radar Motion Sensor,” by McEWan, Which is fully incor 
porated herein by reference. The radar receiver described in 
the Ultra-Wideband Motion sensor patent incorporated 
above, is further described in US. Pat. No. 5,345,471, issued 
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Sep. 6, 1994, titled “Ultra-Wideband Radar Motion 
Receiver,” by McEWan, Which is also fully incorporated 
herein by reference. AUWB motion detector that modulates 
an oscillator to produce a tone that corresponds to a heart 
motion is described in U.S. Pat. No. 5,573,012, issued Nov. 
12, 1996 titled “Body Monitoring And Imaging Apparatus 
And Method,” by McEWan, is additionally fully incorpo 
rated herein by reference. Impulse radars based on design 
principles seen in the ’070 patent can be con?gured to 
operate at extremely loW DC input poWer levels and have 
been termed “MicropoWer Impulse Radar” or MIR. 
Speci?c Description 

The MIR detection process utiliZes a repeated Pulse Rate 
Interval (PRI) of betWeen about 10 MHZ and about 10 KHZ, 
more often a PRF of about 1 MHZ. The system and method 
is capable of averaging tWo or more pulses, more often, 
hoWever, betWeen about 1,000 and about 10,000 pulses are 
capable of being averaged. For example, at a PRF of about 
1 MHZ, such a system and method as disclosed in the present 
invention alloWs about 10,000 received pulses to be aver 
aged to reproduce the harmonic signature frequency, e.g. 
tWice the excitation source’s frequency, of the mechanically 
excited object hidden or otherWise prior to driving ancillary 
equipment, such as, but not limited to, a signal display or an 
alarm. The high level of averaging reduces the random noise 
accompanying the sampled signal to such an extent that 
extremely loW amplitude signals can be detected. 

The averaged (i.e., integrated) pulses provide a voltage 
level that corresponds to the frequency of the mechanically 
moving object at a range de?ned by the delay betWeen the 
emitted pulse and the time of gating, or operating a sampler 
circuit cooperating With the receive antenna. This process is 
referred to as range gating, and provides depth information 
about an object that is being scanned for mechanical motion. 

Turning noW to the draWings, FIG. 1 illustrates a basic 
con?guration of a system of the present invention and is 
designated generally by the reference numeral 1. System 1 
includes, at least one electromagnet 4 or a source, such as, 
a moveable permanent magnet, capable of generating a time 
varying magnetic ?eld, and a radar sensor 26, such as 
described in, for example, U.S. Pat. No. 5,361,070 and/or 
U.S. Pat. No. 5,573,012 as discussed above, positioned such 
that a harmonic mechanical vibration frequency of object 8 
can be located in, for example, beneath the surface of the 
earth, or Within a human or animal body. Antenna 10 radiates 
energy from radar sensor 26 to object 8 and receives 
re?ected modulated energy back from object 8. Radar sensor 
26, often a radar sensor knoWn to those skilled in the art, 
such as CW radar and/or pulsed radar capable of detecting 
motion Within the design parameters of the present 
invention, but more often MIR radar, couples the received 
re?ected energy for detection of the modulation induced by 
vibrating object 8. 
As an example, object 8, such as, a ferrous rod, can be 

inserted into container 12 ?lled With Water, as shoWn in FIG. 
1, Which simulates a material, such as, a metal object Within 
a human body. Electromagnet 4, such as, for example, a bulk 
tape eraser, is electrically driven sinusoidally in this example 
at 60 HZ, at a predetermined voltage and current, Which 
results in a slight 120 HZ vibration of object 8. The vibration 
is about the same amplitude Whether object 8 is in or out of 
container 12 ?lled With Water. Radar sensor 26, such as an 
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6 
MIR radar sensor as disclosed in U.S. Pat. No. 5,361,070 

and/or U.S. Pat. No. 5,573,012 as discussed above, is 
positioned on a predetermined side of container With its 
range, as denoted by R With the accompanying directional 
arroW, of up to at least about 12“ set to include a predeter 
mined volume 6 of Water-?lled container 12 but not neces 
sarily electromagnet 4. For clarity, volume 6 is shoWn not 
include object 8; in practice, volume 6 is centered on object 
8 by adjustment of the range gate of radar 26. Radar sensor 
26 then detects the mechanical movement of object 8 and 
outputs a signal, as denoted by the letter O that includes a 
harmonic frequency, Which is often the second harmonic of 
the initial excitation frequency. Thereafter, processing appa 
ratus 14, such as, but not limited to, comparator circuits, 
analog indicators, and/or spectral analyZing apparatus 
knoWn in the art can operationally receive output O from 
radar sensor 26 such that quantitative and/or qualitative 
analysis can provide information of a potentially hidden 
object 8. 

Alternatively, excitation source 4 may be driven by tWo 
frequencies simultaneously, such as, for example, about 10 
HZ and about 60 HZ, and radar sensor 26 output 0 may 
contain intermodulation products of the harmonic 
frequencies, such as about 100 and about 140 HZ, as Well as 
the harmonics at about 20 and about 120 HZ. These inter 
modulation products are the result of nonlinearities through 
out system 1 and may be used to indicate a parameter of 
object 8, particularly if object 8 Were composed of an elastic 
material. 

FIG. 2A shoWs an example MIR output Without object 8 
in container 12 as shoWn in FIG. 1. The example 60 HZ 
sineWave output, denoted as A, is primarily due to electro 
static coupling With a smaller component due to direct ?ux 
linkage from the electromagnet that can be eliminated With 
simple shielding around the MIR circuitry. 

FIG. 2B shoWs MIR radar sensor 26 output With object 8 
inserted into container 12. FIG. 2B thus produces a 120 HZ 
sineWave, denoted as B, Which is a result of the presence of 
object 8, Which is superimposed on the 60 HZ output, as 
shoWn in FIG. 2A. SineWave B, Which is a second harmonic 
of sineWave output A, as shoWn in FIG. 2A, (i.e., 120 HZ is 
the second harmonic of an excitation frequency of 60 HZ) 
occurs because object 8, such as a metal, is attracted to the 
?eld produced by the electromagnet on either side of the AC 
cycle to produce such a frequency doubling. 

FIG. 3 illustrates an exemplary radar motion sensor 26, as 

described in, U.S. Pat. No. 5,361,070, titled, “Ultra 
Wideband Radar Motion Sensor.” In system 26, a free 
running oscillator (PRF generator) 20 generates a radar 
pulse repetition frequency (PRF). A noise generator 22 is 
connected to PRF generator 20 to introduce a random 

variation to the PRF, for purposes as described in U.S. Pat. 
No. 5,361,070. The output of PRF generator 20 drives tWo 
delay means, a ?xed reference delay 24 in the transmit path 
26, and an adjustable delay 28 in the receiver (gating pulse) 
path 30. Adjustable delay 28 is adjusted by a range adjust 
ment means 32. 

Fixed reference delay 24 is generally set to match the 
minimum delay in receive path 30, and may also be set to 
account for delays in the antenna feed lines, etc. The output 
of ?xed reference delay 24 drives an impulse (or step) 
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generator 34 Which provides the transmit pulse. If PRF 
generator 20 or ?xed reference delay 24 produce a pulse 
With a sufficiently fast rise time, then impulse (or step) 
generator 34 may be omitted. OtherWise, generator 34 is 
used to generate a suitable transmit pulse. 

The transmit pulse is directly radiated by a transmit 
antenna 36. There are several UWB antennas in common 

use, the most common of Which is the tapered slot antenna, 
also knoWn as an end?re antenna. In example embodiments 

that may be implemented by the present invention, both 
simple Wire dipoles and broader band “boW-tie” dipoles are 
used. 

Since many antennas exhibit increasing gain With increas 
ing frequency, a step input applied to the transmit antenna 
results in the radiation of the derivative of the step, i.e., an 
impulse. 
A receive antenna 38 is connected to a UWB detector 

(receiver or sampler) 40. Sampler 40 is gated or strobed by 
the output of adjustable delay 28 through impulse (or step) 
generator 42, thus causing sampler 40 to sample a point in 
space corresponding to the tWo-Way echo time to an object. 
UWB detector 40 averages detected pulses across multiple 
PRF’s. The output of the UWB detector 40 is averaged in an 
integrator 46 With a time constant that is typically longer 
than the PRI of the radar. This average value represents the 
sum of the radar re?ections and other radar clutter, such as 
direct antenna to antenna coupling. If the radar re?ectivity 
changes at the range being sampled, the average Will change 
and this change is sensed by a differentiator 48 and output, 
as denoted by a comparator circuit 50, to operationally 
coupled circuitry (not shoWn). 

FIG. 4 is an illustrative example of a complete detection 
system, generally designated by the reference numeral 100. 
System 100 includes a generator 104 to provide modulation 
to a current coil driver 112, collectively capable of deliver 
ing a predetermined voltage and current, of a given 
frequency, or range of frequencies, denoted as F, eg 60 HZ, 
to a magnetic ?eld excitation source, such as, for example, 
electromagnet 116. Electromagnet 116 thereby provides a 
varying (e.g. periodic, pulsed, etc.) magnetic ?eld having a 
predetermined frequency F that is directed to an area, such 
as obscuring medium 118, such that an object 120, such as, 
a ferrous and/or a nonferrous material, is vibrated by a 
varying (e.g., periodic) magnetic ?eld and subsequently 
detected by radar. 

Antenna 125 radiates energy from radar sensor radar 
sensor 126, often an MIR radar sensor, such as described in 

US. Pat. No. 5,361,070 and/or US. Pat. No. 5,573,012 as 
discussed above, and is positioned such that the induced 
mechanical vibration of object 120, e.g., shoWn as 2F at the 
output of MIR 126, may be detected over a predetermined 
volume 124 aided by the range gating capabilities of radar 
sensor 126, as denoted by R With the accompanying direc 
tional arroW, as shoWn in FIG. 4. The output of detector 126 
is synchronously recti?ed at rectifying circuit 130, With a 
frequency doubled output of source 104, denoted as 2F, as 
produced by a doubler circuit 150. A band-pass ?lter 154, 
shoWn as a dashed square, may additionally be implemented 
to insure frequency discrimination prior to recti?cation by 
rectifying circuit 130. In some implementations, synchro 
nous recti?er 130 may be replaced With a simple non 
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8 
synchronous diode recti?er, eliminating the need for fre 
quency doubler 150. Frequency doubler 150 may also be 
replaced With a frequency source that produces other fre 
quencies used to determine correlations With the output 
spectra of radar sensor 26. 

Rectifying circuit 130, such as, for example, a lock-in 
ampli?er is capable of accurately extracting Wave functions 
having predetermined frequency, components. The extracted 
Wave functions are compared With a reference signal, e.g., 
the doubled output of source 108, to detect a phase differ 
ence and amplitude, Which serve as predetermined param 
eters corresponding to these Wave functions. Such a recti 

fying circuit can precisely select and detect only a 
component having the same frequency as and a predeter 
mined phase relationship With a reference signal from a 
small repeated signal mixed in noise. The Weak input signal 
is ampli?ed Within a narroW band, and the ampli?ed signal 
is multiplied With the reference signal or synchronously 
recti?ed (also called phase sensitive detection), and an 
integration value, i.e., an output value that can be approxi 
mately DC, thereof is output. Any reference signal can be 
used if it is synchroniZed With the input signal to be 
measured, such as, for example, the output frequency of 
MIR detector 126. 
The output of rectifying circuit 130 is then capable of 

being loW-pass ?ltered by ?ltering circuit 138 to eliminate 
any residual harmonic components to provide a steady DC 
level that indicates the strength of the doubled harmonic 
signature. As an alternative arrangement, a 2F frequency, 
e.g., 60 HZ, may drive the synchronous rectifying circuit 130 
directly and electromagnet 116 can be driven through a 
standard digital divide-by-tWo circuit (not shoWn) to gener 
ate a sine-Wave at F=30 HZ. In addition, a normaliZation 

circuit 134, i.e., a Zero-offset adjust circuit, With an adjust 
ment input shoWn by the letter Z and an accompanying 
arroW, can be added in situations Where object(s) 120 are 
examined in a sampling obscuring medium 118. The ?nal 
output signal, denoted by the letter O, that indicates an 
object 120 has been detected, can be delivered by loW-pass 
?lter 138 to signal processing means, such as, but limited to, 
a comparator circuit 146 that outputs its signal to an alarm, 
or an analog indicator 142, that indicates visually the 
strength of the harmonic mechanical movement produced by 
a detected excited object 120. Alternatively, output from 
radar sensor 126 may be coupled to one or more processor 

apparatus (not shoWn) for spectral processing or other signal 
processing means knoWn to those skilled in the art. 

The trace as shoWn in FIG. 2B is taken With an MIR 

detection bandWidth of about 3 KHZ. The synchronous 
recti?er scheme, as shoWn in FIG. 4, can be used to reduce 
the bandWidth to about 1 HZ, and therefore increase a 
signal-to-noise ratio by about 35 dB. The sensitivity of the 
MIR sensor itself can be increased by about 25 dB by 
optimiZing radar parameters over the radar used for the 
laboratory tests of FIG. 2B. Furthermore, the magnetic 
excitation can be increased by about 30 dB With a stronger 
electromagnet and by arranging north and south pole pieces 
such that a uniform ?eld is capable of being produced, e.g., 
by placing a second electromagnet on the opposite side of 
region 118. Finally, loWering the frequency of excitation 
from about 60 HZ doWn to about 10 HZ results in a larger 
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vibration amplitude on, for example, a ferrous material for 
the same magnetic ?eld strength, providing about 15 db 
more signal. In all, about 105 db increased sensitivity can be 
obtained, so a much smaller metal target of doWn to about 
1 mm in diameter is capable of being detected. 

Finally, the system and method has increased sensitivity 
since the magnetic ?elds act in a one-Way outbound direc 
tion only, rather than tWo-Way-out to a metal object and 
back. The detection range is thus squared since losses due to 
?eld strength are reduced from R6 to R6, Where R=range 
from an excitation coil to a hidden object. 

It should be understood that the invention is not intended 
to be limited to the particular forms disclosed. Rather, the 
invention is to cover all modi?cations, equivalents, and 
alternatives falling Within the spirit and scope of the inven 
tion as de?ned by the folloWing appended claims. 
What is claimed is: 
1. A method for detecting an object, comprising: 

mechanically vibrating said object With a varying mag 
netic ?eld, 

transmitting a radar signal to the object, 
receiving a re?ected radar signal from the object; and 
processing the received signal to produce an output signal 

that corresponds to a harmonic and/or an intermodula 
tion product of said magnetic ?eld. 

2. The method of claim 1, Wherein said processing 
includes producing a detection signal from the output signal. 

3. The method of claim 1, Wherein a sWept excitation 
frequency produces said varying magnetic ?eld. 

4. The method of claim 1, Wherein said radar signal 
comprises a UWB impulse radar signal. 

5. The method of claim 1, Wherein said radar signal 
comprises a CW radar signal. 

6. The method of claim 1, Wherein said radar signal 
comprises a pulsed radar signal. 

7. The method of claim 1, Wherein said harmonic fre 
quency comprises a second harmonic of said varying ?eld. 

8. The method of claim 1, Wherein said output signal is 
capable of being synchronously recti?ed With a harmonic of 
said ?eld source. 
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9. The method of claim 8, Wherein said recti?ed output 

includes a band-pass ?lter to produce an output responsive 
to the strength of said second harmonic. 

10. The method of claim 1, Wherein said radar signal is 

range gated. 
11. The method of claim 1, Wherein said object comprises 

a ferrous and/or a non-ferrous material capable of having an 

eddy current induced by said magnetic ?eld. 
12. The method of claim 1, Wherein said object includes 

conductive bio-materials. 

13. The method of claim 1, Wherein said object includes 
conductive ceramics and conductive explosives. 

14. An apparatus for detecting an object, comprising: 

a varying magnetic ?eld source to mechanically vibrate 
said object, 

a radar transmitter for transmitting radar signals to said 
object, 

a radar receiver capable of detecting re?ected radar sig 
nals from said object, 

a processor to produce output signals from the received 
radar signals that is responsive to a harmonic and/or an 
intermodulation product of said varying magnetic ?eld. 

15. The apparatus of claim 14, Wherein a detection signal 
is capable of being produced from said output signal. 

16. The apparatus of claim 14, Wherein a sWept excitation 
frequency produces said varying magnetic ?eld. 

17. The apparatus of claim 14, Wherein said radar signal 
comprises a UWB impulse radar signal. 

18. The apparatus of claim 14, Wherein said radar signal 
comprises a CW radar signal. 

19. The apparatus of claim 14, Wherein said radar signal 
comprises a pulsed radar signal. 

20. The apparatus of claim 14, Wherein said harmonic 
frequency comprises a second harmonic of said varying 
magnetic ?eld source. 


